Fimbriae are structures in Escherichia coli, the expression of which is controlled by the fim operon. Understanding this expression is important because the fimbriae are important virulence factors.
Introduction
Fimbriae are hair-like attachments that Escherichia coli (E.coli) bacteria use to attach themselves to host cells and subsequently enter them. Because of the bacteria's ability to penetrate cells, E.coli bacteria infections are very hard to treat and so it is imperative we learn more about the way the fimbriae are regulated.
The main method of investigating the processes within a bacterial cell is by making focused mutations of the DNA. By directed disabling of the production of protein, or by changing binding sites within the DNA new information on protein expression can be gained. However, a mutation can have further effects within the cell then just the process focussed upon. therefore an effect attributed to a DNA fragment or protein can in fact be a different mechanism.
One can try using a computer model to simulate the process, but for this one needs parameters to feed the model, such as binding affinities etc. The aim of this paper is to model this process using the experimental data currently available, i.e. data on replacement mutations. A key regulator of fim expression is the protein FimB. The regulation of FimB expression is not well understood at present. One theory is that H-NS (Histone-like nucleoid-structuring) protein [1] represses fimB expression and that SlyA-a protein first discovered in Salmonella-antagonises H-NS and reduces fimB repression [2] . Experimental data [3] concerning these interactions has been produced via replacement mutations, where the binding sites that control this expression are deleted and the consequent behaviour of the system observed. This information will form the core data input for tuning parameters in our model.
Previous Work
Previous attempts have been made at modelling aspects of E.coli, for example by means of differential equations, either focused on the individual cell and the processes within [4, 5] , or on the entire population [6]. Using differential equations on the whole population can be a good method for predicting global properties such as cell growth, but since biological systems are inherently not continuous, these models will ignore the stochastic nature of the system. For this reason we can use stochastic agent-based models such as those of Karmakar and Bose [7] and Ramsey et al. [8] . Karmakar and Bose describe a stochastic model for transcription factor-regulated gene expression, however this is limited to a broad conceptual model because the detailed parameters are not matched to any experimental data. Ramsey et al. discuss a modelling environment for stochastic and deterministic models and compare results for complex-but well known-regulatory networks using both a deterministic and a stochastic approach. For this example data is available, but it is not clear what could be done if the data were limited or not available. Parameters necessary for this are binding affinity/probability and extent of interaction between different bound proteins. Usually, binding probability of a protein to the DNA is found by gel-shift experiments [9] .
A significant difficulty in understanding fim expression is that there is no direct way of measuring binding affinity of the protein SlyA. Normally, when doing these gel shifts at different concentrations of the protein clear bands appear for the parts where the protein is bound to the DNA [10] . For unknown reasons gel shifts with SlyA produce irregular banding. The only band with a consistent location is that of the unassociated DNA. If gel shifts would produce consistent results we could have used a similar method as Valeyev et al. [11] used in their model for calcium-calmodulin interaction.
There are many hypotheses for how fim expression is regulated in E.coli [12, 9] . A main regulatory process in the expression is controlled by a fragment of DNA that can be expelled and reinserted in the opposite direction [13, 14] . It can be seen as a switch turning from OFF to ON and back [15, 16] . It is also known that the switch is regulated by the proteins FimB and FimE, where FimB is expected to turn the switch from OFF to ON and FimE favours the OFF position [12] . The regulation of FimB is the main focus of this paper.
